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In this study, the geometry of internal cooling passages in a gas turbine blade
is redesigned and optimized with the aim of reducing the maximum surface
temperature. A three-dimensional coupled flow and heat-transfer model is
solved in STAR-CCM+. To reduce computational cost, a hybrid approach
combining single-variable optimization and the Taguchi method is used to
determine the number, location, and diameter of the cooling holes, subject
to non-interference constraints and a constant total coolant mass flow rate.
The boundary conditions for the hot-gas and coolant streams are selected
based on the experiments of Hilton et al. [24], and the Reynolds number is
defined consistently with those laboratory conditions. Specifically, the
external-flow boundary conditions are tuned to the experimental dataset in
[24], with an inlet Mach number of approximately 0.16 and an inlet
Reynolds number in the range (3.4-6.4) x10"5, defined based on the axial
chord and the true chord, respectively, in the validation dataset. The results
show that increasing the number of holes from one to ten reduces the
maximum surface temperature from 811.3 to 728.9K; however, the
marginal temperature reduction decreases noticeably beyond six holes.
Accordingly, a six-hole configuration is proposed as an industrially practical
option, providing a 65 K reduction relative to the baseline case, improved
thermal uniformity, and a more balanced coolant distribution. In addition,
the external convective heat-transfer coefficient map over the blade surface
is extracted and validated against experimental data, and then used to place
holes more effectively in regions of high heat transfer.
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Tabel 1. Geometric specifications of the blade.

Parameter value

Angle (degrees) 59.89

Air discharge angle (degrees) 27.38
Opening (mm) 3.29

Blade spacing (mm) 117.7
Blade height (mm) 76.2
Suction surface curvature (mm) 177.8
Pressure surface curvature (mm) 137.2
Actual chord (mm) 144.9

Axial chord (mm) 78.2
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Single-variable optimization
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Fig. 3. Sensitivity analysis for determining the number of levels
in the Taguchi design for the ten-hole configuration compared
to the reference results [25].
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Fig. 5. Validation of blade surface temperature in the present
study compared to experimental test No. 159 from reference

[24].
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Fig. 4. Validation of blade surface temperature in the present
study compared to experimental test No. 158 from reference

[24].
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Fig. 8. Temperature distribution in the blade.
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Table 2. Comparative analysis of gas turbine blade cooling configurations.

Average rate of
Number Maximum diﬁ-gsé?lggrg?rf the Total h%?en;t\i\?irtr?; IR Performance
of holes tez?é)ecel(/a}%re previous state ﬂ(()l\("é /rsa;te flow rate < gggirgszeh%(ig Status
(Kelvin) 0.001 (kg/s) (Kelvin)
1 811.3 - 0.0425 0 - Basic
4 768.8 42.5— 0.0423 2 14.2 Good
5 758.5 10.3— 0.042 2 10.3 Very Good
6 746.4 12.1- 0.0423 3 10.1 Optimal
7 739.2 7.1- 0.0422 4 7.1 Optimal
8 735.4 3.8— 0.0421 5 3.8 Declining
9 732.7 2.7- 0.0420 6 2.7 Unsuitable
10 728.9 3.8- 0.0420 +6 38 furﬂ\(':‘t’ignal
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Fig. 9. Comparison of the final blade temperature with
references [24, 25].
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Fig. 10. External convective heat transfer coefficient versus
blade spatial coordinates.
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Fig. 11. Chart of external convective heat transfer coefficient versus blade spatial coordinates.
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Table 3. Local distribution of external convective heat transfer coefficient on the gas turbine blade surface in the optimal six-hole

configuration.
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